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LIST OF SIMBOLS 

TLe following sjialDols are used in tMs thesis: 

= oross-sectional area, of fno conduit; 

= ratio 01 the area of the venae ontractci to the 
cross sectional area of the conduit; 

= haiglit of the trunnion axis for thr; tainter gat 
oroove the hottom of the conduit; 

= ? 7 idtli of tlie gate; 

= coefficient of contraction; 

= discharge coefficient; 

= loss coeff ici 'jnt for entrance head loss; 

= diaaeter of the circular conduit; 

= gate thiclcness; 

= projection of the skinplate; 

= gravitcitionel acceleration; 

= total height in the reservoir; 

= entrance hc-.d loss; 

= height of water level in the .gate chamher ahove 
the top of the conduit ; ^ 

= piezometric head at venacontracta.; 

= piozometric hea.d at a point on the gate bottom; 
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- piesonietric liead on the top surface of the gate; 

K = factor, compensating for departure from h^j-dro- 
static pressure distribution; 

P = dovmpull resulting froxm the difference betv/een 
the pressures acting on the top and tho bottom 
surfaces of the gate; 

= pressure intensity a.t a point on the gate bottom; 

Q = total rate of flow at gate opening y; 

R = Reynolds number of the flov/ (R = V-dA;, ); 

r = (i) radius of curvature for the rounding of the 
gate lip (Pig. 3.3) for the vertical iift 
gate .and 

(ii) radius of curvature of the skin plate for 
radial gate (Pig. 3.4) » 


Yj = velocity of tho contracted jet issuing from 

underneath the gate; 

V = mean velocitv; 

y = gate opening; 

y^ = conduit height; 

= specific weight of water 

Vv . . w.- . 

0 = angle of inclination of the bottom surface of the 

gate; 

= dimensionless piezometric head at a point of 

(hj_-h) 

the bottom surface of the gate = — rj — 

A 



X 


~ dimensionless piezometric head on the hottoni 



and top 

surface of the 

gate; 


h.- >- h 

hp-j >-11 



^ /2g 

and ' “4-— — ; 

\-j /2g 


= 

kinemati 

.0 viscosity of 

Y^ater; and 

Yw = 

dens it . 7 

of v/ater. 





Tlie affect of tlie variation of the geometric 
parameters like gate geometjry and relative gate opening, 
flow parameters like jet Reynolds nurahcr and dimensionless 
ga-to chamber v/ater level for submerged flow ai-e studied 
and it has been found that the effect of Reynolds number 
is secondary whereas the effect of other parameters is 
primax'y* Rel.ative gate opening is varied from 0.1 to 0,8 
at various Reynolds numbers and ejTfect on downpull para- 
meters ICt, Eg and (Eji - Eg) is studied. Ror vertical 
lift gate (Kj found to be positive at all 

gate openings indicating downpull v/hile foi’ tainter 
gores (Ep Eg) is found to be negative sRways indicat*- 
iBg uplift force. 



liiTRODUOTIOlI 


Vertical lift gates are among the mosb ?/idely used. 
high>-head gates for flow regulation or emergency closure of 
large out lets and conduits hecause of the many advantages 
they offer in construction and maintenance. Vwo arrangements 
may he distinguished. The first arrangement consists in 
operating the gate in a gate v/ell located within a conduit 
transition as sho\m in Pig. 1(a). This type of gate is 
known as tunnel •-type gate while in the second arrangement the 
gate is operated in a. gate well located on the upstream face 
of a dam or an intake structure knovdi as face>-type gate. 

In either ce>se, the pressure along the bottom surface 
of the gate is reduced during operation as a result of the 
high efflux velocities, v/here^ the pressure on the upper 
portion of the gate is only slightly changed from static 
conditions. The resulting pressure difference induces an • 
unhala^nced doymward force which often exceeds the dead 
weight of the g3.te considerably. The magnitude of this 
force, commonly known as the hydraulic downpull, affects the 
dimensioning of the hoist mechanism and, hence, the 
sfifety of the entire project. 
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In the absence of any flow, a gate that is completely 
submerged is subject to hydrostatic pressure that produces 
a buoyant force. This static condition is characterised 
by a uniform value of the piezometric head. The non-- 
uniform distribution of piezometric head that is observed 
under flow conditions is due to the reduction of pressure. 
Do^mipull is prlm.arily of concern to the designer of gate 
hoisting equipment. He must take into account the weight 
of the gate, the buoyant force, frictional forces, and 
downpull. hownpull may be ma.ny times greater than the 
weight of gate, and under some conditions it may become 
negative, indica,ting an up lift. It is taken positive in 
the direction of gate closure. The forces due to friction 
can be easily computed assuming the well established 
coefficient of friction, so also the weight of the gate and 
upward thrust can be worked out but there are no mathamat>- 
ical/ eniperical formulae or design curves available which 
can help compute hydraulic dow/npull forces. This has 
therefore, to be determined c3cperimentlly by means of 
scale models. 

Although extensive do wnpull studies have bean 
conducted in the past on vertical lift gates, there 
is no satisfactory method, available for adapting these 
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findings to new projects, and specific model tests are 
still indispensable. The difficulty in applying previous 
experimental work lies in the fact that not only the 
boundary geometry, but also the flow conditions under 
Yi/hich the gate is opera.ted,, va.ry from project to project. 

The main portion of doY/npull results from the diff- 
erence betwfoen the pressure forces acting on the top and 
bottom surfaces of the gate, the residual portion acts on 
the seals and othei’ protrusions of the gate. For downpull 
analysis it is essential to predict the pressure forces 
effective on the top and bottom of the gate, each of which 
can bo expressed by the ratio K of the respective mean 
piezometric head to a reference velocity head. The 
significa.ncc of the K - terms so obtained is their indep- 
endence of the absolute magnitude of the flov; velocities. 
Once determined they can be used in combination with 
any flov/ condition so long as the boundary geometry is 
similar, provided the Reynolds number is sufficiently 
high. This condition is usually satisfied for high-head 
gates. The dov/npull analysis is thus reduced to the 
evaluation of the K-terms for a particular geometry 
configuration and the determination of the reference . 
Velocity head for a particular flow condition. 
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She 1 at tor part of tho problem is appro a.ohed semi- 
empirically, 3y the o]ae>-(3.imensional method of analysis, 
an equcition is derived expressing the rate of flow past 
the gate as a function of the gate opening and width, the 
total head ovei? the conduit inlet, and the conditions of 
control in the conduit dovmstream from the ge>te. Such 
effects upon the rate of flo\w as stem from the flo?/ 
contraction at the gate, the entrance hoof, loss, the shape 
•and tho Surface roughness of the transition downstream 
from tho gate are, considered v;ith the a.id of empirical 
coefficients. 

Information on downpull characteristics of tainter 
ga,tes is not available in literature. 

So experimental studies have been conducted on one 
vertical lift gate and two tainter gates to determine tbeir 
downpull characteristics. The studies on vertical lift gate 
have been conducted to compare the results v/ith already 
published results. 



CfHiPTER II 


LIIERAIURE RBYIBW 
^ ^ 01 &AgBS 

Yarious t3rpes of underflow sluice gates (16) are 
commonly used tc regulate flows in hydraulic structures 
under high heads. 'Through the years great many types of 
gates have been designed and built but only a relatively 
few types have survived and are presently in use. Types 
of gates which are presently used for flow regulation in 
high -head installations are: 

(i) Yertical lift gates and 

(ii) Taint er gates. 

These are the only two types which are specifically 

designed for thjrottling conditions to regulate flows. 

Wheel, roll ernro unted, and cylinder gates (20) a.re also 

only 

sometimes used for regulation, but are normally used /as 
fully opened or closed guard gates. Ring-folio v/er gates, 
ring-seal gates, bulldiead gates, and stop logs are never 
used for throttling and regulating flow. 

(i) Yertlcal lift gates; 

In the early 1900's so-called *high-pressure‘ 
slide gates, became the standard means for regulating 
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and shutting off tho flo?/ of water in the outlet works 
in dams, These gates 8,re widely used high-head gates (21) 
for flow regulation or emergency closure of large outlets 
a.nd conduits, because of many advantages they offer in 
construction a-nd maintenance. By choosing suitable gate 
slots, upstream face and gate lips, these gates can be 
designed for regulation at heads of over 100 m. Slide 
gates are used for both guard and regulating service. 
Frequently two practically identical gates are bolted 
together in tandem. In such cases the upstream gate 
functions as the guard gate for the dovaistream regulating 
gate. The gates can be used either for free discharge into 
atmosphere or for submerged discharge in water. At heads , 
above 66 m, fluidway surfaces and the bottom seating and 
sloping surfaces of the gate leaf should be stainless steel 
to avoid cavitation. The only practical limitations in 
the operation of slide gates for throttling is that they 
must not bo operated a.t very small gate openings. 

Basically, a slide gate consists of a leaf which 
is either closed by being positioned across the fluidway 
in the body or opened by being with dram into the bonnet 
by a hoist mounted on the bonnet cover. In general, 
slide gates are operated by hydraulic hoists, mounted on 
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tlie bonnet cover. In the design of slide gates for 
"hi gb- pressures and velocities, several critical design 
and fabrice.tion requirements such as smoothness, straight- 
ness, proper leaf -slot geometry and the design of the 
bottom of the leaf to minimize dov'h.pull must be met (5>6,8, 
10,12,18 etc.). 

lainter gates: 

As reported in Engineering manual (7), the tainter 
gate is considered the most economical, and usually the 
most suitable, type of gate for flow regulation because 
of its simplicity, light weight, and low hoist Kiapacity 
requirements, A variety of types of tainter gate. install- 
ations has been developed, but the original and maintenance 
cost can be held to a minimum only by careful selection. 

The hydrostatic forces acting on the gate skin plate have 
a radial resultant which passes through the gate, trannion 
or pivot. Thus they are capable of closing by their own 
weight. Another desirable feature with radial gates is 
that it needs no gate slots. 

The principal elements (13) of a tainter gate 
structure are the skinplate assembly, the members support- 
ing the skinplate assembly, the end frames, the ytrunnions 
and the anchorages. 
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Because of constant span under varlng loading on 
the skin ple.te, the minimuin thickness of skin plate should 
not he less than 8 mm. Carl C.H. (3) found that multiple 
wire ropes prohably constitute the ideal hoisting medium 
because of their great elastic capability in absorbing 
the effects of differences in rope lengths. It wa,s also 
found that single arm gates are more advantagous than 
with multiple arms. In order to obtain better all-round 
performa,nce of ta.inter gate anchorages, post-^tensioned type 
anchorages should be used. 

^ 2 gj-OW GHABAO'IBRISIIOS 

Cha-racteristics of flow for vertical 
lift gates were studied by ITaudascher et al.(12), 

Uppal, H.l. (■19‘-21 ). They found that t?/o states of flow 
are generally found to occur during their operation: 

(i) Submerged flov/ and 

(ii) Free flow. 

The transition from one state of flow to the other 
occurs as a hydraulic 3^mp approaches or with draws from 
the gate. The corresponding intermittent state of partially 
submerged flow is limited to an extremely small range of 
gate openings. Bor most installations of high>-head gates 
the state- of submerged flow is predominant during their 
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operation. In free surface case a jet of water issues 
from the gate with a, free surface. Air gets entrained 
in the water e.nd ventilation through an air inlet which 
must he provided if ca,vitation a,nd vibrations are to be 
avoided. The piesometric head in the contracted section 
of Jet will then be given by the following equation 

hp 

h = GqJ + 

Vw 

in which op is the difference between the pressure of 
air dovmstreani from the gate and the atmospheric pressure 
at the reservoir. The rate of ±1oy-j under the gate in both 
tlie cases, if no v/ater is released above the gate is given 

Q = Oq y'b Y 2g(H - >- h) 

^ 5 DOTOUIili GHAHAGTERISTIGS 

laboratory studies have been ma.de to determine the 
hydraulic dovmpull on several different types of vertical 
lift gate installations, but no efforts have been made to 
determine the hydraulic do wnpull on Taint er gates till now. 

Simmon, W.P. (I 7 ) studied the effect of gate opening 
on dovmpull for a fixed wheel type of gate. He found that 
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maximum dovmpull on the ga,te occurred during submerged 
operation at about 7.62 cm opening. The do’ivnpull rapidly 
decreased as the opening increased, on the slide gate, the 
maximum dompull force occurred at about 45 per cent gate 
opening. Gate chamber pressures play a particularly 
important part in the case of slide gate, and in designs 
where leakage from the bonnet is permitted or encouraged to 
decrease the bonnet pressures, do^’nipull will be materially 
reduced. The drainage or leakage can not be regarded as 
solution to the dompull problem as it me,y create other 
complications. 


ITaudascher, E., Smith, P.M,, Singh, G, , et al.(1 2, 15, 18) 
studied the effect of different geometric parameters on the 
dompull for a vertical lift gate. The details of the gate>- 
lip geometry vrere foiind to bo of minor influence as far 

fiuctuuif-'’^ is concerned a^^ of major influence on 

/ ing dovmpull, \Yliile the mean downpull depends essentially 
on the overall parameter e/d, the fluctuation about a mean 
is a function of each one of the specific paremeters r/d, 
e/d and 0. Separation is reduced and ultimately eliminated 
as the gate lip approaches either the floor or the roof 


of the conduit. The sma.ller the relative conduit height 
y^/d, the less the tendency towards separation, in increase 



in r/d or 9 also reduces sepc^ration. It wa.s found that 
~ 4- and r/d = 0.4 the flo?/ remains completely 
attached to the hot tom surface a provided the loitar is 
inclined at 30° or more. Sxtrerniy flat lip shapes cause 
the flow to separa^te completely from the ga,te lip a.3 
reported hy haudaschar (12). 


from a constructional viev/ point a/d should he as 
smo-ll 3,s possible, Singh, G. and ?a;al, I.C. (18) observed 
that lip shapes 0,pprsciably alter the magnitude of hydraulic 
downpull and is one of the most important parameters in 
the design of high>-head gates, U.S.B.R, design practice 


provides that in the case of vertical -lift fixed -wheel gates 
with vertical lip the length of lip should not exceed half 
the gate thickness v/lien tha lip is located on the downstream 
sida. It has also been noticed (18) that if the upthrust 
e,t the bottom of the gates is excessive, to ensure safe 
closure of gates, improvaments can be affected by reducing 
the lip length so that the ratio of lip length to gate 
thiclmess is not greater than 0.45 and not less than 0,42, 


The hydraulic do wnpull studied by Singh, G. et al.(18) 
on th'^ vertical lift fixed wheel emergency gate for the 
Pandoh-Baggi Goni^rol Works, with skin plate on the upstream 
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side and Vv'ith its original length of lip giving a/d = 0.587 
v/a.s negative e/fc most of the ge-te openings. The magnitude 
• Of do?/npull meo^sured \va,3 more the.n the weight of the gate. 

He found that the value of do mpull decreases linearly 
as 

^max = ^56.7 >- 344.83 e/d 

and become positive fo-r e/d ra.tio less than 0.46. 

Robert, G. Oox, et al, (6) considered in their discussion 
the effect of (i) gate cl-earances and venting on the hydraulic 
forces on the top of the gate, (ii) the effects of gate 
bottom geometry and venting on the hydraulic force on the 
bottom of the gate, (iii) the development of diamens ionless 
pe.ramaters for design and (iv) the effects of gate bottom 
geometry and venting on the stability of the gate. They gave 
the follovung equa,tton for hoist loe.d on the gate. 

P = W + A (df - u^) 

where P denotes the downpull in tons, the dry weight of 
gate in tons, the cross sectional area of gate, and d^ and 
U£ are the dovmthrust and upthrust a.t top and bottom 
of the gate respectively. 

In 1953, elaborate investigations were taken up in 
connection with the design of Smergency gate for Bhakra Dam 
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a,nd tha use of vertical lip on fhe downstream face and 
depression of 4-57*2 mm in the axis of the dam were suggested 
to minimize the hydraulic dompull. Uppal, H,l. (20), 
Suggested 45° cut in the lip e,nd a. depressed base with 
arc shape of ra,dius 7.62 cm to redu.ce the dov/npull. 

So far severa,! emperical formula,e for the determination 
of discharge coefficient, pressure forces acting on the 
surface of fainter ga,tes (1) and for other geometric and 
structural designs (3,7,8, 10,13,14 etc.) are available, 
but no efforts ha.ve been made to determine the hydraulic 
downpull forces. 



GHiiPTBR III 


AII ADYSIS 

3.1 BLOW MiU l YSIS 

Two states of flow generally found to occur for most 
installations of high head gates are: 

(i) Submerged flow; 

(ii) Bree flow. 


Submerged flow is predominant during the operation of 
high head gates. In this case -water Jet which issues 
beneath the ga.te is dromed by a standing eddy, while in 
case of free flow ?;ater jet issues from the gate with a 
free surface. 


Since submerged flow is most predominant, study 
during the present experiments is confined to submerged flo\¥ 
only. The lines of total head and piezometric head 
for a conduit, under submerged conditions are illustrated 
in Big. 1(a). The head loss between the reservoir and 
gate section is represented as overall entrance loss 
in the form 


-^le = 


0 , 


f ( |)" 

2g A 


( 1 ) 
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and "tlie raxe of flov; Q relsasad by the gate is given as 
Q = a’Af 2g(H-H7^h) (2) 

in which 

0_ y h 

= __ ( 3 ) 

A 

is the ratio of the cross sectional area 0-yh of the 
fully contracted jet to the area A of the conduit section, 
and H and h are the total hea,d in the reservoir and the 
piezometric head a,t any point in the contracted jet 
respectively. The velocity distribution in the contracted 
section of the jot is assumed to be uniform. With reference 
to fi-g. 1(a), the velocity head in the contracted jet under 
the gate is expressed as 

Yj/2g = H - Hg >- b (4) 

3.2 bOmULL AITAIYSIS 

for steady, irrotatione,! flow the piezomatric head 
a,long a bound ar5r is completely defined by the distribution 
of velocity along the boundary relative to a reference 
velocity Vq and its magnitude. The distribution of 
relative velocity f/fo and, hence, the distribution of 
piezometric head rela.tive to the reference magnitude f /2g 

■ • ■ ' ' ''O • ■ 
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depend on the flov/ pattern and other geometric pa,rameters . 
It follows that the relative distribution of piezometric 
head is independent of the actual magnitude of velocity. 

In general, the flow along the hottom surface of a 

high -head gate is continuously’" accelerated, and hence the 

depa.rture from "the conditions of irrotational flow is 

2 

negligible. If Yj/2g is selected as a significant 
reference, 


Ki 


"B 



Vj /2g 



(5) 


Should also be independent of the actual magnitude of 
velocities, and it should be possible to relate a particular 
pressure distribution under the gate uniquely to a correspo- 
nding gate and conduit geometry (Big. 1(b)). Integration 
of the relative, distribution of piezometric head with 
respect to the gate thicloiess and the gate width yields 

? = L. f f dx (6) 

Bd 0 0 

Ihe piesometric head hqi on the top surface of the gate 
is generally constant, it ; can readily be integrated to ^ ^ 

yield 
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1 


d B 

/ / 

3d 0 0 


tL 


7j/2g 


dB dx 


7^/2g 


( 7 ) 


Knowing tho pertinont K>-values and the reference 
velocity Vj, doi.iipull can be calculated. The primary portion 
of the dovmpull, resulting, from tho difference of the 


integrated distribution of piesome" 


head along the top 


and the bottora surface of the gate, becomes 


P = ( Sj - Kg ) Bd Yv, r ■ 

2g 

Tho residual portion of the downpull occurs on horizontal 
protmsions of the gata as tho top seal. 


3 . 3 DimmSlOEKL MALYSIS 
^ ^ 7e_rtical lift gate: 

The geometric parameters for a vertical lift gate 


are s liOYmi in Eigs. 1(a) and lCb), Prom dimensional 
analysis, the distribution of piosometric head on the top 


and bottom surfaces of th- gate can bo ejvjressed in the 
nondimensional functional form 


hrp, >- h -h 


Tj/2g 


T^2g 


— 0^ ' fp T? V x/fl 7(t) ® A ® ^ ^ 

( 9 ) 


in which R is the Reynolds number of flow definod as 
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y, 3;. g_j3^ ^ gate opening, 

conduit height, angle of inclination of the hottom 

surj.„Cv. oa. tUu' gaue, prooection of tho skin plate, radius 

0^ cur^ratura for oUc rounding and gate thicicaess (Pig, 1(b)) 
respoctivslv. 


In the- present csperinients. 


v/hich 7-rere restricted to 


suDmerged flo?;, u'ithout 
a,nd the K had no effect 


cavi -feat ion, the Proude number p 
Por the conditions of stationa.ry 


gate positions .7(t) 
ional flov/ (s/d -» - 


- y - constant, and for two-dimens.*- 
°°) the above relationship reduces to 


% , 1% = 0 (R, y/y^, yyd, 0, e/d, r/d) (10) 


Ihc ra,nge oj. variation of these parameters in the 
o:>nperiments was as follows: 


present 


y^/d = 4.0 

0 = 45° 

e/d =0 
r/d = 0.4 



0.3 X 10^ 



0.1 to 0,. 8 pd-th increments of 0,1 


2.0 X 10^ I » 

1.7x 10^-4,14x10^ '« 
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^*5*2 Tainter gate: 

For tainter gate fhe geoaetrio parameters are shown 
in Fig. 1(c). Ilae distribution of piezometric head on 
top an bottom surfa.c9 of a tainter gate, for t?7o>-dimensional 
flov; and stationar3'' gate positions can be expressed in 
nonKiimensional functional fora as 

“ 0 (2-, 9 j ^/Yqj '^/Yq) (11) 

The ronge of varia.tion, of these parameters for the present 
experiments was as follows: 


a/jo 

1 

i 

9 


y/Yo 

R 

1.25 

1.875 

34® 

0.2 to 0.5 
with incre- 
ments of 0.1 

0.1 to 0.8 
with incre- 
ments of 0.1 

0.3x10^ to 
5.9x10^ 

1 .25 

1.250 

CD 

O 

T 1 

f ! 

4.0x10^ to 
7.0 X 105 



CHiP2ER lY 


EXPBRIBEiMP J O:. DERAILS 
^XPERIMSimAE EQuI '^IiERT 

B 2 fperiment -.;,1 equipraent used in the present iiivesti*- 
gation is sho^jn in Eig. '2, ihe experiments were conducted 
in a steel conduit 30 cm in width, 3G cm in height, . 
and 5.10 m long. Water was supplied to the conduit 
from a constant liean overhead tank. A supply pipe line 
from the overhee.d tank fitted ?;ith a sluice valve to 
control the flow -^as connected to the head tank of the main 
conduit. 'The conduit was made of three portions: 

(i) Entrance section; 

(ii) lest section; 

(lii) Exit section. 

■The entrance section ae sho?ni in Pig. 2 v;as 2.0 m 
long with its upstresum end connected tc the head tank 
and dovaistream ond connected to the test section. The 
heed tank was provided with one pieaomater tapping at a 
height of 3 cm above the top surface of the conduit. 

Eive piezometer’ tappings ?/ere provided in the entrance 
section, llie test section was 60 cm long with a gate 
chemhor 8.75 cm long, 40 cm wide and 90 cm high (internal 
dimenions) for the vertical lift gate, vdiile the test 
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section for fainter gates was 60 cm long 30 cm v;tde 
anc. 90 cm liigh. Exit section Y/as 2,5 m long and was 
provided ‘Adth a sluice valve at tTae dov/nstream end to 
ensure submerged flow, 

discharge was measured by a calibra-ted contracted 
sharp crested v/eir fixed in tbe drain as shov^i in Pig. 1 . 

The discharge equation for the rieir is 

Q = Gg f 2^ be he^^^ 

where 0^ is coefficient of discharge, be effective width 
in m, and he is effective head in m, Cg, bg and hg have 
been calculated as per ISI Gode (22). The results obtained 
by this procedure ta.llied ’'’'■^ith the calibration data,, 

4.2 TEST MODELS 

Three tost models (one vertical lift gate a.nd tA70 
tainter gates) were fabricated out of aluminium plate and 
rolled steel angles. The models were tested under suberged 
flow conditions. 

The first model fabricated and tested Ams vertical 
lift gate as shown in Eig, 4(a) v;ith a bottom inclination 
of 0 = 45°. The gate was 7,62 cm thick and 30 cm wade. 

The dovjnstream plate of the gate was 30 cm v/ide with 
2,5 cm extra v/idening on each side so as to be fitted in the 
slots provided in the gate chamber. The gate was suspended 
vertic-ally by a threaded shaft that passes through the 
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cover plate fired at the top of the gate chamber. The 


gate ivas raised and lowered by turning a screw handle 
firod to the shaft. 


The vertical lift gate nioael was provided v;ith 20 piezo ’ 
meter ta.ppings ■- 9 on the sloping bottom portion, 5 on the 
centre lino of upstream face and 6 on the downstream face. 
One piezometer tapping v/as provided on the gate chamber 
and one at 5.0 cm upstream from the gate, which gave ^be 


approximate stagnation pressure. 8 piezometer tappings 
v/ere provided immediately ’do v/nstream from the gate chamber 
with a c/c spacing of 3 cm to locate the position of the 
vena, Gontracta of the jet issuing from beneath the gate. 


The first tapping wa,s at a distance of 1.5 cm from the 
gate, location of piezometer tappings for vertical lift 


gate is shopm in Pig. 3(a). 

The other models studied were tainter gates, each 
30 cm V'/ide and Imving radius of 57.15 cm and 37. 5 cm 
respectively as shoam in figs. 4(b) and 4(c). The sld.n 
plate, 3.175 tarn thick was made from aluminium sheet. The 
supporting frano was made out of rolled steel angles 
40 imn X 40 mm X 5 mm. The trunnion assembly consisted 
of (1 ) a trunnion hub with bronze bushing, (2) a trunnion 
yoke and (3) -a trunnion pin. Trunnion yoke was welded to 
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the gate chamber walls at a height 37 *5 cm from the 
iDotuom surface of tho conduit. The gate arms were 
connected to fcho trunnion Pin. Fo slots wore used and 
rubber seals we??0 used to reduce the leakage of water 
through the sides of the- gate from upstream side to dom- 
stroam side. 

The taint er gate having radius of 57.15 cm ¥7as 
provided v/ith 18 piezometer tappings with c/c spacing 
2 cm and with first piesomat r tapping from the bottom 
edge at a, distance of 1 cm, while othei’ model v-dth radius 
57.5 cm was provided v/ith 18 piezomotor tappings, c/c spac^- 
ing 3 cm and with first tapping at a distance of 1 cm 
from bottom edge. One piezometer tapping was provided 
on the gate chamber to indicate the water level in the 
gate chamber and 18 on the bottom of the test section at 3 cm 
centres to loca/cc- the position of vena contracta of the 
jet. A ptesoneter tiipping 2,5 cm upstream from the skin 
plate gave the appro scims-te stagnation pressure. There 
were no piezometer tappings on the exit section. The 
location of piezometer tappings for tainter gates are 
shov/n in Pigs. 3 (h) and 3 (c). 
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*3: 


PROGLDuRS A2ID ilRlLYSIS Op 


DiSA 


The folioring procedure was adopted in all the 
tests. By running the purap and opening the sluico valve 
in the sup'ol;/ lino, water was let into the head tank. The 
piezometer tubes frori tho models were taken to a manomoter 
board where the piezonietric heads were indicated by 
piezometer tubes. The medals were tested under submerged 
flow conditions at e, number of gate openings. The required 
water level was maintained in the gate chamber by operating 
the dovrastroam sluice valve. The piezomctric heads were 
measured for various gate openings, gate chamber water 
levels, and jet Reynolds numbers. Before taking the road>- 


ings all tho air was removed from plastic connecting trubes. 

Tho test procedure for the gates consisted of setting 
the gate to the desired position, allowing sufficient 
time of operation for conditions to ste-bilize, and than 
taking the readings. The model Vv as then sat to the next 
desirod position and tho procedure was repeat: d. 

4 . 3.1 Bownpull analysis f or ve rtical li f t gates: 

Throe series of e^eperimonts ware performed -with 

y/jo ratio varying from 0.1 to 0.8. Reynolds numbers 

3 5 

were vaxiod from 0.3 x 10 to 4»14 x 10 and piezomotor 
readings were noted for oach gate opening. The measured 
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pressures are sho?ra. in tables 1, 2 and 3, respectively, 
llie distribution of piosometric beads along the gate 
bottom was measured at nine points. The reference piezo - 
metric hea.cl h was obtained from a pic-zometor on thn down’- 
stroam sido of tho gate, 0.8 d above the Icaer edge. 

’^^j/2g was calctilated from Eq, 4. Average pressure was 
calculated by integrating piczomotric head along tho bottom 
STrrfaoe qsing Trapezoidal rule (Eq.. 6). A piezometer 
(rlo. 6) on the roof centre line of the conduit 5.0 cm 
upstroami from the gate- v.'as taken to calculate , as the 
water level in the gate chamber would be maximum if the 
le-aka-ge from the gate chamber to dovnastream side were 
totally stopped, loss coefficient for entrance head loss 
(Eq. 1) was assumed as 0,5. The head at contracted jet 


was obtained from the piozom 
of, the gate. 

The do?«ip'ull fore 
shovfli in Table 2. Tho 
opening of o9 cm a.r 

Height of conduit, 
Width of conduit, B 
Gate thickness, d 
Gate opening, y 
Discharge, Q 

s? 


tors on the do’-mstream side 

Ga,lculatod, using the data 


= 30 cm 

= 7.62 cm 

= 9.00 cm 

= 38.10 lit era/ sec. 

>-5 2 / 

= ,07 X 10 m /sec 


sample calculations fora gate 
shovn holow: 

30 cm 
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^tric 

head 

at 

thc- 

he 

ad 

tank. 

H = 60, 

.5 

cm 

itric 

head 

at 

thc 

ga 

te, 

hqi 

= 59. 

.5 

cm 

trie 

ta. 

head 

at 

the 

VO 

na 


= 46. 

.0 

cm 

stric 

heah 

of 

the 

re 

fer 

ence 

tapping, 

h 

= 46.3 cm. 


Tx/Sg 


° ^ ^ I >* = 0-5 ^ = -0046 

^ 2x9.81 

^j = Y2g (H>-He >- hj) 

= f 2x9. 81(60. 5 - ."0046 - 46. D) 

= 1 . 68 m/s ec 

j = 14.415 cm 

1 d B l4n *- h i\j, - 

- — / / ^ 

Bd 0 0 


Vj/2g 


dB dx 


/2g 


(59 - 46.3)/l4.415 


= C.9157 

d B 


/ / 


Bd 0 0 


h.. -li 

Bie iraluas of 

" ^/2g 


tablG from v/nicli 


^ h 


''t / 2 s 


dB dx 


Eire givon in fhc following 


0.6254 
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i 1 2 3 4 5 6 

59.0057.70 56.25 57.00 57.50 56.70 56.00 

*8810 .7908 .6302 .7423 .7770 .7215 .6729 

i 8 9 10 

55.50 54.50 0.00 



7j/2g 



C 



6382 


»-5688 


0.00 
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^ •'5 D ov.'npull an a lysis xo r taintar gates; 

Series of eiiperiments v/ere performed to study fhe 
effect of different parameters on the dovmipull. To study 

the effect of Re^molds number on K-values, Reynolds number 

. - '-5 S 

was varied from 0.8 x 10 to 5.9 x 10 for the first model 

having radius of 57.15 os and from 4.0 x 10^ x 7.0 x 10^ for 

the second model o.nd piezometric heads were recorded for each 

gate opening. The observed pressures are shovm. in Tables 4, 5, 

6 , 7 , 8 , a.nd 9 , 

ilso 'experiments were conducted to study the effect 
of gate chamber water level on K-values as v/ell as on 

^ Kf,) by varying y/fQ from 0.2 to 0.5 with increments 
of 0.1. The observed piesometric heads are shovm in Tables 
10 to 17. The Rejmolds numbers ?/ere kept at 2 x 10^ and 

5 

5.6 X 10 for the two models while studying the above effect. 

The head losses Hg between araoervoir and gR,te section 

2 

are calculated by using Bq,, 1. which depends entirely 

on the flow pattern is calculated from Sq, 4. The va,lues 
of Kg and 1^ a.re ca.lculated using Eqs. 6 and 7 respectiTely 
and dovmpull is obta.ined from Eq. 8. As an example calcula^t*- 
ions for the data shown in Table 9 , corresponding to 6 om gate 
opening are given below: 



29 


Haight of conduit, 

= 

30 cm 

Width of conduit, E 

= 

30 cm 

Gate tliictdess, d 

= 

33.54 cm 

C-ate opening, y 

= 

6 cm 

Discharge, Q 


0.022 mVsec 

Area of cross, A 

Section 

= 

900 cm^ 

XT 

=: 

64.5 cm 

*^1 

= 

53.4 cm 

'"e 

= 

0.5 

lip 

= 

55.0 cm 

Water temperature 

= 

30°a. 

i' 

= 

.07 X 10"^ m^sec. 

■ 

= 

'-e ~ ( 7 = 0*'’52 cm. 

2g A 

IT 

». -r 

d 

= 

■f2g(H^HQ>-hT" = 147.39 cm/sec. 

Yj/2g 

= 

11 .0718 

•rr 

•%n 

= 

(h^ -h)XYj/2g)= 0,145 


' ■ 2 

Yaluos of (hj_ ’-h)/^?'j/2g) aro shoivn in table below, from will ch 
^ . -j' ,3. >-1 t 

= — / / dB d>: = 0.7455 

3d 0 0 Yj/2g. 

Boiwipull = (Sp >- Kg) B d Vj/2g 

= (.145 7455)x30.0x53.54 X 1.0 X 11.0718/1000 

~ ' ^S* S3 Kgf 
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Renolds STo* = Yj x d/ 'V 


= 7.06 X 10 ^ 


i 

1 

2 

3 

4 

5 

6 

7 

8 


60.70 

60.40 

59.00 

57.60 

58.10 

59.00 

60.50 

63.90 

1% 

.6593 

.6322 

.5056 

.3793 

.4245 

.5056 

.6413 

.9484 


i 

9 

10 

11 

12 

13 

14 

15 

16 


64.40 

64.40 

64.20 

64.00 

63.70 

63.40 

62.90 

62.30 

T” 

.9935 

.9935 

.9755 

.9574 

.9303 

.9052 

.8580 

.8039 

i 

17 

18 

19 







60.80 

58.20 

0.00 






% 

0 . 6684 

.4335 

0.00 








GxIM-PSR V 


DISGUS SIOn GP RESULTS 

5 . 1 Ej?PlGT G1 y/j^ OF K Y £DU]3S 

The graphs of j/Jq versus are shom in Figs. 8(a), 
8(b) and 8(c) for vertical lift gate, tainter gate with. 
z'/Jq = 1.875, anci tainter gate with r/y^ = 1.25, respectively. 
For vertical lift gate and tainter gate with r/y^ =1.25, 

first increases up to j/Jq = 0.3 and then decreases with 
further increase in j/Jq^ Ihe general decrease of ^ is 
due to the fact that the stagnation piesometric head decreases 
with incres,3e in relative gate opening. 

In Figs, 9(a), 9(b) and 9(c) the effect of y/y^ on 
Kg has been shown ty plotting j/Yq versus Kr^. From all 
these graphs it fellow's that first decrea.ses, reaches a 
minimum, again increases and then decreases. The results 
for vertical lift gate are in close agreement w/ith the 
results of Faudascher (12). 

The effect of y/j^ on (^. >- Eg) is show'n in Figs. 10(a), 
10(b) and 10(c) for the thr'ee models. For vertical lift 
gate, (^ - Kg) is positive at all gate openings which 
indicates downpull force, (^ h- Kg) first increases with 
the increase In y/y^, reaches a meocimum, and subsequently 
decreases v/ith further increase in y/y^. Maximum value^^ 
occurs at 30 per cent gate opening. 
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For tainter gates, (li^ Eg) has been found to be 
neg£itive at all gate openings and hence indicates uplift 
rather than dovmpull. (%-. >- Eg) decreases first as j/j^ 
increases and a.gain increases after reaching a miniman 
value. Ihc minimum value of (it- >- E-r,) for tainter gate 

j- n 

’■vitli r/y^ = 1.875 is observed 3 .t about = 0.2 while 

for tainter gate with r/y^ = 1 . 25 , there are two minima for 
(Kfji ■“ I- 3 ) at y/Jq = 0.2 and 0.5. For e.11 the gate models, 
(l^ *" %) tends to sero as y/Yq tends to zero and unity as 
required , 


5 . 2 EFFEOl’ OF ON 1 YllUSS 

In Figs. 11 (a) and 11 (b), the effect of b(j/y^ on 
IQp is shown for ta.intsr gates. It has been observed that 
%2 increases slowly as hf^/y^ increases. Figs. 12(a) and 
12 (b) show the effect of variation of b-g/jQ on It is 

found that decreases as b-Q/y^ increases from 0,82 to 1 . 32 . 
The rate of decrease of Ep with the increase in b^/y^ is 
more in the case of tainter gate with r/y^^ = 1.25 as 
compared to tain'cer gate with r/y^ = 1.875. The reason 
for this could be that a-s bQ/y^ increases, there is a tendency 
towards attaining hydrostatic pressure distribution. 

(%j, ^ Eg) is plotted against bg/yQ in Figs . 13(a) , 
and 13 (b) for tainter gates v/lth r/y^ - 1.875 and r/y^ = 1 , 25 , 
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respectively. in both cases, in genera.!, >- Eg) is 

found to increase tovar(fe a value of zero as hg/yQ increases, 
because at lo¥;er water level in the gate chamber upward 
pressure is more as compared vrLth do^mward pressure. But 
as the water level in the gate chamber increases downw'ard 
pressure increases wiiile ap?/ard pressure indicated by Eg 
decreases, Ihis also shows tendency towards attaining 
hydrostatic pressure distribution as bg/y^ increa-ses. 


5.3 SI'ESOx OE REYITOLDS MI.TBER OIT K-VALUES 


Wlion the flow departs from irrotational conditions. 


Kij, and Eg depend upon the Reynolds number as v/ell as on 


boundarjr geometry. Tests indicate, however, that relative 
distribution of piesometric head tends to become independent 
of the Reynolds number for higher values of Re3molds number. 
The effect on the distribution of piezomGtrio he, ad along the 
model siU’faces are sliovra in Eigs. 5, 6 and T, for the three 
models, corresponding to -maximum value of the parameter 
(Krp Kg), In all those figures Kg is sho\7n against x/d 
ratio for differnit Reynolds numbers, where x is the 
horizcntal distance of the piezometer tapping from upstream, 
face [Eig.1(b)'] o-nd d is the thielmess of the gate. 

Since- R is sufficiently high in practica.lly all 
high>-hea.d installations, the K-values should be uniquely 
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predicta'ble for a gi'-'on boundary form eren in cases of 
local flow separation. It is crident from Pigs. 5, 6 and 7, 


tlia V Reynolds number still affects 
for higher ralues of Rornolds numb 


Ig at lov; malues, but 
r I-h is not a-ffocted. 


The effect of Reynolds nurfoc-r and other geometric 
parameters cn dovmpull parameter 1^ is sho^^ in Pigs, 8(a), 
8(h) and 8(c) for the three models. In these figures 
is plotted ag'iinst ratio for different Reynolds numbers. 

The other geometric p.arametsrs are also shosm,. It is 
evident from these figures tha.t ^ increases with the 
increase in Reynolds number but is independent at higher 
values of Re.ynolds numbers. 


In Pigs. 9(?0j 9(1) and 9(c), Kx, is plotted against 

-li 


j/Jq ratio for different Reynolds nunibor for the three 
models to study the affect of R and geometric pa.rrLmeters 


on dovmipull paircUuet&r Iv-g. The influence of the various 
geometric pa.rameters and Roynolds nuiab.-r on (Kf-i*- Kg) for 
the three models shown in Pigs. 1G(a), 10(b) and 10(c). 


The magnitude of (^ >- Kg) is smaller sit lover Reynolds 
number, while it increases a.s the Reynolds number increases 
thereby increasing the do vmpull. Observed pr'-ss^ire variation 
along tho conduit and on the gate is also plotted for 3 cm 
tainter gate opening (Table 5) and Is shown in Pig. 14. 
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GORGLUSICRS 


The conclusions h-esed on t he experinienia,! study ax’e 
iven below: 


hOTOpull force 
at 8.11 gate op 


is invlicated on ^rertical lift 
onings while for taintex' gates 


gate 

uplift 


fcrcas arc observed. 


Effect of I'elatlve gate opening on (%j, 
the three typos of gates: 


Ig) for 


Eor vertical lift gate (Kq, - Eg) increases as the 
relative gate opening increases. It reaches a maximum 
value at 30 per cent gate opening and then decreases 
with further increase in gate opening. Eor the 


tainter gate with r/y^ = 1.875, (1^ negative 

and its magnitude decreases first, roaches a minimum 
a,t 20 per cent gate opening and then increases as 
y/Jq increases. Eor tainter gate path r/y^ = 1.25, 
the negative value of - Eg) h8.s two minima 
at 20 per cent and 50 per cent relative gate openings. 

Effect of gate chamber water level or Eg)^ ^ 

for fainter gates; 

The magnitude of - E^) has been found to increase 
with the increase in water level in the gate chamber^ 
ho v/ever, the rate of increa.se of (^— Eg) is more 
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in the case of taint er gate \7ith x/y^ = 1.25 as 
compared 71 th tainter gate having t/Jq = 1.875. 


4 . 


EffecL of Reynolds mnihe;c on (Ep - %) for the 
tliree types of gates: 

(iljTi Eg) been found to be independent of 

Re,ynold3 number at high values of Revnolds numbe 
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FIG. 1(c) DEFINITION SKETCH FOR TAINTER GATE ARRANGEWENT 
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(b) Tamter gate with r/y_, =1-875 

(c) Tainter gate with r/y„ :;1-25 







y/d =4,0 =45, e/d =0, r/d =0‘ 
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o R=4.0x10^ 
^ R = 5- 8x10^ 




o R = 7-0x10' 


Fig. 8 Variation of Ky with relative gate 

opening yly^ for (a) Vertical Lift gat 

(b) Tainter gate with r/y, = 1-875 

(c) fainter gate with r/y = 1*25 







r/d s0«4, e/d - 0 , 6 =:45V 
. y,/d = 4 

\ ’ o R = 3x10^“4-14x1G 

^ R = 2x10^ 


hp/y =0-82 , r/y =1-87 5 
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on of Kb with Reynolds 

(a) Vertical Lift gate 

(b) Tainter gate with 
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^ R =0-8x10 
o R = 1-6x10 


r /Vo =1*25, =0*82 , a /y, = 1-25 

O R =4x10^ ^ 
^ R = 5-8xt0^ 
R = 7*0x10^ 


10 Variation of (Ky-Kb) with y/y<,fo 

(a) Vertical Lift gate 

(b) Tainter gate with r/y^=:1-875 

(c) Jointer gate with r/y =1*25 
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Fig. 12 Variation of Kowith hnly 









R = 2x10^ r /yo=1-875, a/y„ = 1'25 
y/yo 

o -. 0-2 
* -0-3 

o -0-4 ^ 

V -0‘5 


R = S-6x)0. r/y,= 1-25 ,a /y.= 1-25 

y/y« 

o -0-2 

<i -0-3 // 

° t X / 

^ -“O-S / / ^ 


Variation of ( Kj 
Tainter Gates 


with h 







